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ABSTRACT
This project suggests improvements to the treatment methods utilized for
the sample preparation and evaluation of minerals in soil samples encountered in
forensic science casework and research. The evaluation of pre-treated and posttreated soil samples were performed using Fourier-Transform Infrared
Spectroscopy with Attenuated Total Reflection (FTIR-ATR) and Scanning Electron
Microscopy-Energy Dispersive Spectroscopy (SEM-EDS). Because soil samples
contain a significant amount of organic matter and water which interfere with
examination of these minerals while using these instruments, pretreatment
methods are necessary to isolate the mineral fraction for examination and analysis.
Soil samples were first sieved with various size stainless steel mesh sieves
prior to treatment for the purposes of isolating mineral species into fractions
suitable for mineralogical analysis. Particles of interest include 90-180μm and
<90μm size particles. Two methods were evaluated for the removal of unwanted
organic matter and water from the soil fractions. These methods include oxidation
by 30% hydrogen peroxide treatment and low temperature plasma ashing, both of
which have been characterized as removing the organic fraction without destroying
or changing the mineralogical structure in the soil sample. After treatment, samples
were analyzed using FTIR-ATR and SEM-EDX to observe and assess the reduction of
organic matter and to determine whether or not the mineral content of the soil
samples were changed due to these pretreatments. Both the 30% hydrogen
peroxide and plasma ashing pretreatment methods work well removing the organic
fraction from soil samples.
5

Chapter 1: Introduction
Soil is an important item in forensic science as it if often encountered as traces
found at crime scenes and adhering to items that may have been present at an event
scene. Questioned soil samples submitted for forensic examination can be found in
or on many different items such as footwear, clothing, and vehicles (e.g. car tires).
The environment in which the soil has been collected from can vary, ranging from
woodlands, agricultural fields (farms), pasturelands, parks, alleyways, urban streets
and other soil-containing locations.
Soil is composed of both inorganic and organic components in different
proportions. According to Fitzpatrick (2009), “Soil scientists view soils as being
made up of different size mineral particles (sand, slit, and clay) and organic matter”
(p. 2377). Organic matter is made up of plant and animal residue, living microbials
that aid in the decomposition of the plant and animal residue, and humus, which is
the final product of decomposition of the plant and animal components in the soil.
There are many positive benefits for organic matter in soil, especially in agriculture.
These are divided into biological, chemical, and physical benefits. According to
Fenton et al. (2008), biological, chemical, and physical benefits of organic matter in
soil include:
Physical Benefits
•

Enhancing aggregate stability, improving water infiltration and soil aeration,
reducing runoff

•

Improving water-holding capacity
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•

Reducing the stickiness of clay soils making them easier to till

•

Reducing surface crusting, facilitating seedbed preparation

Chemical Benefits
•

Increasing the soil’s cation exchange capacity (CEC) or its ability to hold onto
and supply over time essential nutrients such as calcium, magnesium and
potassium

•

Improving the ability of a soil to resist pH change (buffering capacity)

•

Accelerating decomposition of soil minerals over time, making the nutrients
in the minerals available for plant uptake

Biological Benefits
•

Providing food for the living organisms in the soil

•

Enhancing soil microbial biodiversity and activity, which can help in the
suppression of diseases and pests

•

Enhancing pore space through the actions of soil microorganisms, which
helps to increase infiltration and reduce runoff (pg.1)

Research is currently being conducted to see if organic matter can be used to
discriminate between two samples (Cengiz et al., 2004; Dawson & Hillier, 2010; Pye
et al, 2006; Robertson et al, 2015). If both the organic matter and the mineralogical
contents of two samples are consistent with one another, the forensic scientist may
conclude that the two samples came from the same location.
While soil complexity lends itself to source attribution, the complexity and
compositional variation of soil may present challenges during examination and
analysis. These variations may include but not limited to physical or chemical
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characteristics of soil. Soil can vary in its physical characteristics (color, texture,
moisture) as well as its microscopic and chemical characteristics (mineral content,
organic content, and relative amounts of mineral and organic fractions) based on
where the soil originated. Contamination and environmental conditions can also
cause variation in soil sample composition (e.g. soil in urban locations may contain
glass and plastic particulates; soil adjacent to a highway may contain glass, paint
and rubber traces). Due to these variations, it can be difficult to analyze soil samples
and problems can arise during sample collection and examination (Pye 2007, pg 51).
Additional pragmatic problems with soil analysis include: the time and effort
required to adequately educate and train individuals to properly conduct
examinations, both microscopical (e.g. PLM) and instrumental (e.g. x-ray
diffraction), thereby resulting in a shortage of well-trained forensic scientists who
can perform these analyses; the time required to conduct such analyses; and the
equipment for analysis is very expensive (i.e. cost of SEM-EDX can be ~$400,000.00
and upwards).
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Chapter 2: Background & Literature Review
A. Forensic Soil Analysis
Forensic soil analysis is the use of soil sciences and other disciplines to aid in
criminal investigations. Soils have unique characteristics that act as identification
markers. According to Pye (2007), these characteristics include: (1) physical
characteristics such as color, density, hardness, porosity, permeability, particle size
distribution; (2) chemical characteristics such as pH, electrical conductivity, cation
exchange capacity, anions, rare earth elements, radioactive isotopes; (3)
mineralogical characteristics such as heavy mineral content and clay mineral
assemblage (pg. 59). The use of various microscopical and instrumental methods
makes it possible to determine the origin of the soil sample and whether
comparison samples could have come from a common source.
Several techniques have been used to analyze soil, such density gradient and
particle size determination (Petraco & Kubic, 2000; Gee & Or, 2002; Moni et al,
2012). These methods combined with polarized light (PLM) microscopy and
analyzing the physical properties of soil such as color and texture have been used in
forensic soil examinations and comparisons for many years (Petraco et al, 2008).
Current methods include analysis with Atomic Absorption spectroscopy (AA),
Inductively Coupled Plasma spectroscopy (ICP), Scanning Electron Microscopy–
Energy Dispersive Spectroscopy (SEM-EDS), X-ray Diffraction (XRD), and X-ray
Fluorescence spectroscopy (XRF) (Pye & Croft, 2007; Artz et al, 2008; Cox et al,
2000; Haberhauer et al, 1998; Haberhauer & Gerzabeck, 1999). For this project, two
different methods were used to remove organic matter followed by analysis and
9

comparison using SEM-EDX and FTIR. Hydrogen peroxide treatment and plasma
ashing methods to remove organic matter were performed on the selected soil
fractions in order to determine which method works the best in removing organic
matter without damaging the mineral contents of the soil samples.
If soil traces are relevant to an investigation, known samples should be collected
systematically from the scene. According to Pye (2007),
The number of samples that should be taken will depend on the size, number, and
heterogeneity of potential soil source areas at and around the crime scene. The
number of samples taken should never be fewer than three, and preferably at least
five, even at a very small crime scene. Larger or more variable crime scenes will
require a larger number of samples, perhaps more than fifty at a very large or
complex scene (p. 186).
For this project, one sample each from 25 different locations was obtained. Once
the samples were sieved, the samples were separated into two fractions for analysis
using FTIR-ATR and SEM-EDX.
Soil is a powerful contact trace, as it can easily be transferred between any two
surfaces. This transfer is explained by Locard’s Exchange Principle, which states that
when two surfaces come into physical contact there is a mutual exchange of traces
between them, a concept that requires the nature and activity of the traces left
behind (Roux et al, 2022).
One famous case dealing with soil serving as critical evidence was the
investigation into the death of Italian Prime Minister Aldo Moro in 1978 by a
terrorist organization called the Red Brigades. On March 16, 1978 at 9am, the Prime
Minister was ambushed near his home. His bodyguards were instantly killed and
members of the Red Brigades kidnapped the Prime Minister. Moro’s body was later
found in a car parked in the center of Rome. The 2015 case report by Lombardi,
10

entitled The Contribution of Forensic Geology and Other Trace Evidence Analysis to
the Investigation of the Killing of Italian Prime Minister Aldo Moro, presented the
traces that were collected and analyzed during the course of the investigation in an
effort to reconstruct events. The traces examined included beach sand, bitumen,
vegetal matter, polyester fragments and soil, which were recovered on Moro’s
shoes, clothes, and in and around the car in which Moro’s body was found (Figures 1
and 2). Through Lombardi’s analysis, he was able to reconstruct a series of events
in order to determine where the Prime Minister had been located and where he was
ultimately killed.
Lombardi applied several techniques to analyze the traces, including sieving,
X-ray Diffractometry (XRD), Differential Scanning Calorimetry (DSC), pollen analysis
and SEM. Using these techniques, Lombardi was able to determine the composition
of soil found on the victim’s shoes and tires of the car. Lombardi was able to
pinpoint the location where the terrorists took the Prime Minister to be held
hostage. Moreover, Lombardi also analyzed the sand mixed with soil that was found
on the victim’s clothes and the car. Analysis of the sand provided information that
the Prime Minister was killed near a beach. The evidence in this case not only
revealed the series of events surrounding the Prime Minister’s kidnapping and the
locations where Moro was held and later killed, but it also led to identification of the
suspects. The criminals were arrested and subjected to lengthy court proceedings
that found them guilty on several charges (Lombardi, 2015).
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Figure 1: Prime Minister Aldo Moro’s reclined corpse in back of car (Open Source)

Figure 2: Summary of evidence that was analyzed in the investigation into the death
of PM Modo (Adapted from Lombardi 2015, p. 635)
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Another case in which soil was used as main evidence was the 1997 theft of
stolen rare palm trees that belonged to a private collector in California. The victim
raised exotic palm trees with an estimated worth of $40,000.00 from seed in a
potting mix that was purchased in California. Eyewitness accounts led investigators
to a suspect’s residence that had 33 palm trees that looked similar by size and age of
the stolen trees (Lee et al., 2002). The trees were planted around the suspect’s
property, but the suspect could not be arrested without physical evidence. The
analysts needed to investigate whether they could distinguish or make a
comparison between potting soils. According to the analysts, commercial bulk
potting mixes that are essential to helping the trees grow and stay healthy will
depend on the materials that are available in the area; specifically, a particular mix
of organic matter and decomposed granite is necessary to keep the trees healthy
and native soils will not be sufficient in order to keep the palm trees healthy (ibid.).
The analysts decided to inspect and gather soils from the root balls from 33
palm trees for analysis. They also collected ten soil samples from the victim’s palm
tree collection for comparison. They performed several analyses such as sieving,
carbonate determination, color determination by spectroscopy, particle size
analysis, and mineralogical analysis by microscopy. Through these analyses, it was
determined that 25 out of 33 trees belonged to the victim thus providing evidence
that the trees at the suspect’s residence were planted in soil that was characteristic
of the soil from the victim’s location. When faced with this evidence, the suspect
decided to plead guilty.
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B. Organics in Soil Samples
For the forensic scientist, the organic matter does not show variation among soil
samples for forensic soil comparison as does minerals. Organic matter is made up of
animal and plant residue mixed with decomposition products. Because of this,
forensic scientists have largely focused on the mineral component of soil samples.
The examination of organic matter in soil is a highly studied subject beyond the
scope of forensic science such as in fields of agricultural, environmental,
geochemistry, and biological sciences (Agnelli et al, 2008; Anderson, nd; Baglieri et
al, 2007; Ellerbrock & Kaiser, 2005; Lehman & Kinyagi, 2007; Linker et al, 2005;
Schnitzer & Schuppli, 1989).
However, removal of organic matter is important for several reasons during
inorganic analysis (such as pretreatment for particle-size analysis and mineral
analysis), most notably to measure the amounts of metals bound to organic matter;
to investigate the influence of mineral phase variables on the content and
composition of organic matter and on soil phosphorus adsorption and desorption;
and to investigate the influence of organic matter removal on soil sorption. This
project demonstrates improvement of the samples for inorganic analysis once the
organic matter has been removed.
C. Sieving: Theory and Practice
Segregation of soil samples is performed by using different mesh size sieves to
separate mineral species into fractions for mineralogical analysis (Jackson et al.
1949). Sieving is one of the oldest methods used in many fields such as agricultural,
industrial, pharmaceutical, and forensic science to characterize the particle size of a
14

sample by separating the material(s) of interest by size (Blott & Pye, 2012; Skopp,
2000). The popularity of the sieving method is due to it being simple, inexpensive,
and reproducible. The process of sieving requires the sample to be placed on a
pattern of openings or holes called apertures. Through the action of either manual
or mechanical agitation, the sample will be fractionated by the size of these
openings. Sieves are constructed in two ways. The first method is by a wire mesh or
cloth that results in square apertures. The diameter of the wire controls the size of
the aperture and the percent of the total area that is opened. The second method is
by openings or circular holes that are created by piercing a plate or flat disc. The
number of these perforations controls the amount of open area in the sieve.
When desiring several particular size fractions, a nest of sieves of variable sizes
are used often stacked upon each other with the largest opening on top. According
to Skopp (2000), “unsorted particles are applied to the topmost sieve and agitation
begun. As the particles sort, smaller ones pass through from upper sieves to lower
ones. This cascade of particle sorting continues as the smallest particles only
gradually make their way past the smallest sieve” (p. 1826). When using a nest of
sieves of variable aperture sizes, a particle size distribution is constructed allowing
the analyst to examine specific soil size fractions. In this project, the two fractions
that were analyzed are 90-180μm and <90μm.
D. Plasma Ashing: Theory and Practice
Low temperature ashing is a surface technique that is used to remove organic
matter from soil. This loss can be tracked by measuring weight loss (Duggar &
Kubic, 2020; Pucci et al, 2008). In both papers written by D’Acqui et al. (1998;
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1999), it was determined that performing low temperature ashing by the use of an
oxygen plasma reactor to remove organic matter from soil samples yielded minimal
or no damage to mineral content. According to PVA TePla America Inc. (2013), a
company that offers plasma ashers for sale, “Oxygen plasmas are very effective at
low temperature ashing of organic matter” (p. 1). This technique uses oxygen that is
excited by radiofrequency energy to effect oxidation of organic matter at low
temperature. The oxygen gas becomes activated due to an electrodeless ring
discharge that takes place in the gas. Industrial grade oxygen is passed through a
high-energy electromagnetic field produced by a radio-frequency oscillator. A
sample is placed onto a microscope slide or a similar support and into the oscillator
tube in which the activated oxygen gas is introduced into the system. The activated
gas then passes over the sample and ashing of the sample occurs without the need
of any other external source of heat. The hydrocarbons in the organic matter are
converted to volatile gases (carbon dioxide and water vapor) are removed by a
vacuum pump connected to the plasma asher (Figures 3 and 4).

Figure 3: Schematics of plasma reactor (Reproduced from D’Acqui et al. 1998, p.3)
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Figure 4: Harrick Oxygen Plasma Cleaner
Many samples such as biological tissues, graphite, filter paper, and ion exchange
resin have been processed with this technique. According to Achilli et al. (1991),
“low temperature oxygen plasma processor results in almost total organic matter
ashing with good recovery for many elements” (p. 496). The Harrick Plasma
Cleaner was used for this project to remove organic matter from the two fractions.
Using this equipment also helps to eliminate or substantially decrease the amount of
water that is present in the samples.
E. Hydrogen Peroxide Treatment
According to Adegoroye et al. (2009), low temperature ashing and hydrogen
peroxide treatment for the removal of organic matter is successful due to its nondestructive nature, by not changing the mineralogical structure in the soil sample
17

and reducing the interfering bands. Hydrogen peroxide is one of many
pretreatments that are used to remove organic matter from soil samples. According
to Kunze & Dixon (1986), hydrogen peroxide treatment was used to oxidize organic
matter since the organic matter has an aggregating effect on soil samples. Before
30% hydrogen peroxide is added to the samples, soluble salts, including sodium,
calcium, and magnesium chlorides and carbonates need to be removed. This is
because “Alkaline salts can cause decomposition of hydrogen peroxide, decreasing
its effectiveness as an oxidizing agent for soil organic matter” (Gee & Or 2002, p.
262). High concentrations of salts can cause flocculation of soil suspensions, which
is why acetone was added to check for the presence of gypsum and again during the
addition of 30% hydrogen peroxide to control any frothing that takes place (See
Chapter 3: Material and Methods).
F. Infrared Spectroscopy: Theory and Practice
FTIR spectroscopy is a powerful tool for the forensic scientist as it can
analyze all types of samples that are solid, liquid, or gas. Commercial infrared
spectrometers have been utilized since the late 1940s. These instruments have used
prisms and diffraction gratings as dispersive elements. Nowadays, this instrument
has made dramatic improvements with the introduction of the Fourier-transform
spectrometer employing an interferometer (Figure 5).
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Figure 5: iS10 Nicolet ATR-FTIR System
Attenuated Total Reflectance
Attenuated Total Reflectance (ATR) is an accessory methodology that is used
with the FTIR instrument. It consists of an IR transparent material, typically a
crystal, with a high refractive index and a polished surface. The sample is placed on
the polished surface. An infrared beam is directed into this crystal at a certain angle,
typically 45°. Internal reflectance creates an evanescent wave that penetrates into
the sample. This evanescent wave protrudes only a few microns (0.5-5μm) beyond
the crystal surface and into the sample. Consequently, there must be good contact
between the sample and the crystal surface. In those regions where the sample
absorbs energy, the evanescent wave will be attenuated. After one or several
internal reflections, the IR beam leaves the ATR crystal and is directed to the IR
detector (Figure 7). The instrumental system then generates an infrared spectrum.
According to the Thermo Scientific iN10 Training Manual (nd, unpublished), in
order to acquire a high-quality spectrum by ATR, two requirements are needed:
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 The sample must be in direct contact with the ATR crystal, because the
evanescent wave or bubble only extends beyond the crystal 0.5-5μm.
 The refractive index of the crystal must be significantly greater than that of
the sample or else internal reflectance will not occur–the light will be
transmitted rather than internally reflected in the crystal (p. 65).

Figure 7: ATR crystal (Thermo Scientific iN10 Training Manual, unpublished)

There are many different ATR crystals that are available. The choice of
crystal type will depend on the sample to be analyzed. The diamond crystal provides
quality data and it can be used for a variety of samples because of its robustness,
and durability. The only drawback to the crystal is the cost, which can be ~$5,000.
All types of samples such as solids, liquids, powders, pastes, films, and fibers
can be analyzed. For the forensic scientist, this technique offers quick sample
analysis, provides excellent sample-to-sample reproducibility, and minimal operator
spectral variation. The ATR technique has been used for the analysis of various
forensic traces such as drugs, soils, paint, inks and fibers.
All soil samples were analyzed before and after pretreatment using FTIRATR to check for decreases of organic matter. According to Robertson et al. (2015),
minerals present in soil are predominantly silicates or carbonates but can also
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include other types of minerals such as sulfates (p. 23). The fractions analyzed in
this study contain high levels of clay and are therefore detectable in their respective
IR region.
In Robertson et al.’s (2015) article, clay minerals will have hydroxide groups
present with free hydroxide groups in the hydroxide stretching regions (37003500cm-1). It was expected that a broad peak in each spectrum of untreated sample
would be present in this region due to the presence of clay and/or water. After the
hydrogen peroxide treatment and plasma ashing, the hydroxide peak is expected to
be absent from or decrease in intensity in the resultant spectrum. A peak at
1000cm-1 is consistent with silicates or quartz. It was expected that this peak would
be present for all samples. The minerals’ frequencies should not disappear because
of the treatments and therefore, this peak should be present in the IR spectra even
after treatment. A sharp doublet at 797 and 779cm -1 is also consistent with quartz.
Again, it is expected that this doublet should be present throughout the analysis
even after treatment. Organic matter has a broad -OH stretch between 36003200cm-1, which interferes with peaks from clay. This peak is expected to decrease
or disappear after treatment. Other peaks between 1700-1200cm-1 can be
consistent with organic matter. There are other peaks such as -CH2 and -CH
stretching at 2920 and 2850cm-1 respectively that can show up, which are
consistent with polysaccharides like those in cellulose or chitin (Robertson et al.,
2015).
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G. Scanning Electron Microscopy – Theory and Practice
X-rays can be generated in four ways: (1) by bombardment of a metal target
with a beam of high-energy electrons, (2) by exposure of a substance to a primary
beam of X-rays in order to generate a secondary beam of X-ray fluorescence, (3) by
use of a radioactive source whose decay process results in X-ray emission and (4)
from a synchrotron radiation source (Skoog et al., 1998). The scanning electron
microscope from Tescan (Figure 8) generates x-rays using the first method listed
above.

Figure 8: Tescan Vega Scanning Electron Microscope System
When a sample is bombarded with a beam of high-energy electrons, it ejects
an electron, often from the inner shell (K shell) creating a vacancy in that shell. In
order to return the atom to its lowest energy state, this vacancy will need to be filled
by an electron from a higher energy shell in the atom. When this happens, the highenergy electron releases some energy in the form of x-rays that will be detected by
the EDS (Figures 9 and 10) (Heath & Taylor, 2015).
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Figure 9 (left) and 10 (right): Emissions of various electrons (JEOL (nd) Scanning
Electron Microscope A to Z, pgs. 9 & 27)
The SEM consists of an electron optical system, several detectors and a stage.
The electron gun in the system produces an electron beam that is emitted by the
source (LaB6 source). This type of gun is a thermionic emission gun, which emits
thermoelectrons from a filament that is heated at a high temperature. The
thermoelectrons are gathered into the electron beam. The electron beam passes
through a series of condenser and objective lenses (Figure 11). The condensers
enable the user to adjust the diameter (spot size) of the electron beam and the
objective lens focuses the probe onto the sample. The Tescan Vega III specimen
stage can hold up to seven samples at one time and is under high vacuum. This
system also contains several detectors such as backscattered and secondary
detector also known as Everhart-Thornley detector and cathodoluminescence
detector (TESCAN, 2011).
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Figure 11: Tescan Vega III Electron Gun Probe (Tescan (2011), p. 9)
Energy–Dispersive X-ray Spectroscopy
Energy-dispersive spectroscopy (EDS) is a technique that is widely used to
reveal what elements are present in a particular specimen (Heath & Taylor, 2015). It
is used in many applications: in the art field to determine the authenticity of
paintings; archaeology for analysis of bones and other remains; in the
environmental sciences for the examination of samples such as asbestos and soils; in
forensic science for the examination of traces such as the gunshot residue and glass;
and even in areas of engineering and nanotechnology. As previously mentioned, xrays are generated when a specimen is bombarded with high-energy electrons in an
electron microscope. These x-rays are detected with an energy-dispersive
spectrometer, which can separate and detect x-rays with different energy levels.
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Energy-dispersive x-ray spectroscopy is a very popular and easy to use
technique because it can convert x-ray measurements emitted by each element
present into a final x-ray spectrum that allows the analyst to evaluate the
concentrations of the various elements present in a sample. When the electron
beam hits the sample and an x-ray is generated, the resulting x-ray escapes the
sample and hits the detector (Figure 12). This detector is the EDS detector. As seen
in Figure 12, the Silicon Drift Detector (SDD) is a semiconductor detector that
consists of a field-effect transistor (FET) preamplifier that is cooled to a subambient temperature and a main amplifier that provides increase amplification. All
of this is controlled remotely via a computer (Heath & Taylor, 2015).

Figure 12: Components of energy dispersive spectroscopy system (Heath & Taylor
(2015), p. 9)
When the x-ray hits the detector, a current is created which is then converted
into a voltage pulse with the amplitude showing the energy of the detected x-ray.
This pulse is converted to a digital signal that produces an x-ray spectrum with the
major peaks displayed on a computer screen.
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Chapter 3: Material and Methods
A. Endecott Sieves
Nests of sieves from Endecott made with stainless steel sides and wire mesh
measuring from less than 90μm-1.00mm were used to separate the soil samples into
desired particle size fractions (Figure 13). Soil samples that had been air-dried at
room temperature were added to the largest sieve and agitated for several minutes
until particles shuffled through the other sieve openings. Two sieved sizes (90180μm & <90μm) were removed and placed into separate sample containers for
fractionation and analysis.

Figure 13: Endecott Stainless Steel Sieves
B. Soil Samples and Analysis
For this research study, approximately 28 soil samples were obtained from
various locations (parks, gardens, yards) in Pennsylvania, New Jersey, and New York
and additional bags of soil were obtained from retail stores. Twenty-five of these
samples were chosen for analysis based on sample size. All samples were air dried
overnight. Samples were sieved using various metal meshes and only the fine
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particles (90-180μm and <90μm) were retained for pretreatment with two different
methods to remove the organic matter, both 30% hydrogen peroxide treatment and
low temperature ashing using a plasma reactor. Altogether 50 samples were subject
to pretreatments.
Each sample, untreated and treated with the above methods, was evaluated
Using FTIR-ATR and SEM-EDS to establish whether or not there was notable
reduction of interfering bands (from the organic fraction) and to provide the
analysis of the mineralogical content of each sample soil. Using the SEM instrument
provided a qualitative analysis of the mineralogical content of each sample before
and after treatment. The FTIR-ATR instrument provided qualitative data with
respect to the presence or absence of vibrational bands of the organic fraction
within of these samples before and after the pretreatment methods.
List of Samples and Locations that were used for analysis:
Sample 1
Sample 2
Sample 3
Sample 4
Sample 5
Sample 6

Jersey City, New Jersey
Backyard (Topsoil)
Madison Street
Hoboken, New Jersey
Backyard (Topsoil)
Nelson Road
Scarsdale, New York
Backyard (Topsoil)
th
46 Street and 30th Road
Astoria, Queens
Astoria Height Park (Topsoil)
Taylor Avenue
Bronx, New York
By a Tree (Topsoil)
Stuyvesant Avenue
Union, New Jersey
Backyard (Topsoil)
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Sample 7
Sample 8
Sample 11
Sample 12
Sample 13
Sample 14
Sample 15
Sample 16
Sample 17
Sample 19

Sample 20
Sample 21

Sample 22

Sample 23

Union Township Library
Union, New Jersey
By a tree (Topsoil)
Corner of 101st and Liverpool Street
Jamaica, Queens, New York
By a tree (Topsoil)
Unknown Location
(Topsoil)
Peninsula Blvd.
Cedarhurst, New York
Backyard (Topsoil)
Ridgewood Avenue
Staten Island, New York
Side Yard (Topsoil)
Canaan Road
Waymart, Pennsylvania
Forest Area (Topsoil)
Canaan Road
Waymart, Pennsylvania
Backyard (Topsoil)
Canaan Road
Waymart, Pennsylvania
North side yard (Topsoil)
Randolph Avenue
Dover, New Jersey
Front yard (Topsoil)
Summit Street
Laurel Hall
Newark, New Jersey
(Topsoil)
Randolph Avenue
Dover, New Jersey
Back yard (Topsoil)
Central Park
63/64th Street Entrance
New York, New York
(Topsoil)
Central Park
Baseball Field by 64th Street
New York, New York
(Topsoil)
Old Tappan, New Jersey
Backyard by Patio
(Topsoil)
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Sample 26

Front yard by Driveway
River Vale, New Jersey
(Topsoil)
Canaan Road
Waymart, Pennsylvania
Driveway (Topsoil)
NK Florist Supplies Potting Soil Bag

Sample 27

Carolina Professional Potting Soil

Sample 24
Sample 25

John Jay College
524 West 59th Street
New York, NY
Note: Samples 9, 10, and 18 were not used due to sample size
Sample 28

Plasma Ashing Method
1. Plasma asher was set up to remove organics from sample.
2. Corning microscope slides (item number: 2947-75x25) were used for support. A
square was etched to contain the soil sample from spilling.
3. Soil sample was added onto the microscope slide. Soil was spread as thin as
possible.
4. Sample was inserted into the asher and plasma ashed for 20 minutes. (Note:
Based on research that was performed by Duggar & Kubic (2020), samples were
ashed for only 20 minutes. The timeframe was based on unpublished preliminary
gravimetric studies to determine the optimal timeframe for complete removal of
organics on small specimens of a variety of soil types.)
5. After ashing, samples were weighed to check for loss of organics.
6. Samples were analyzed in triplicate using FTIR-ATR.
7. Samples were mounted onto a SEM stub and analyzed using SEM-EDS.
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Table of Total Organic Matter Loss

Weight in grams
Sample 1: 90-180μm
Sample 1: <90μm
Sample 2: 90-180μm
Sample 2: <90μm
Sample 3: 90-180μm
Sample 3: <90μm
Sample 4: 90-180μm
Sample 4: <90μm
Sample 5: 90-180μm
Sample 5: <90μm
Sample 6: 90-180μm
Sample 6: <90μm
Sample 7: 90-180μm
Sample 7: <90μm
Sample 8: 90-180μm
Sample 8: <90μm
Sample 11:
90-180μm
Sample 11: <90μm
Sample 12:
90-180μm
Sample 12: <90μm
Sample 13:
90-180μm
Sample 13: <90μm
Sample 14:
90-180μm
Sample 14: <90μm
Sample 15:
90-180μm
Sample 15: <90μm
Sample 16:
90-180μm
Sample 16: <90μm
Sample 17:
90-180μm
Sample 17: <90μm

Etched
microscope
slide
4.6046
4.6388
4.5996
4.5975
4.5968
4.5973
4.5871
4.6402
4.6426
4.5952
4.6044
4.6367
4.5997
4.611
4.621
4.5905

Slide and
Soil
4.7432
4.7324
4.6424
4.6167
4.6685
4.6699
4.7382
4.7719
4.8109
4.728
4.6965
4.7551
4.6497
4.6709
4.7308
4.7186

After
Ashing
4.7382
4.7285
4.6399
4.6148
4.6633
4.6647
4.7338
4.7662
4.8029
4.7195
4.6914
4.7484
4.6456
4.6672
4.7252
4.7088

Total Loss
0.005
0.0039
0.0025
0.0019
0.0052
0.0052
0.0044
0.0057
0.008
0.0085
0.0051
0.0067
0.0041
0.0037
0.0056
0.0098

4.6275
4.6572

4.7077
4.7118

4.7009
4.7058

0.0068
0.006

4.6255
4.6312

4.7391
4.7403

4.7314
4.7311

0.0077
0.0092

4.6565
4.6207

4.7811
4.7986

4.7734
4.7878

0.0077
0.0108

4.6442
4.6561

4.7526
4.7158

4.7474
4.7115

0.0052
0.0043

4.6426
4.6175

4.6871
4.6442

4.6815
4.6413

0.0056
0.0029

4.6121
4.6443

4.6431
4.6871

4.6381
4.6811

0.005
0.006

4.6132
4.6786

4.6554
4.8009

4.6521
4.7939

0.0033
0.007
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Sample 19:
90-180μm
Sample 19: <90μm
Sample 20:
90-180μm
Sample 20: <90μm
Sample 21:
90-180μm
Sample 21: <90μm
Sample 22:
90-180μm
Sample 22: <90μm
Sample 23:
90-180μm
Sample 23: <90μm
Sample 24:
90-180μm
Sample 24: <90μm
Sample 25:
90-180μm
Sample 25: <90μm
Sample 26:
90-180μm
Sample 26: <90μm
Sample 27:
90-180μm
Sample 27: <90μm
Sample 28: 90180μm
Sample 28: <90μm

4.6255
4.6116

4.6832
4.6739

4.6761
4.6666

0.0071
0.0073

4.6357
4.607

4.6875
4.6224

4.6811
4.6194

0.0064
0.003

4.5969
4.6059

4.8049
4.8746

4.8019
4.8674

0.003
0.0072

4.6203
4.6198

4.71
4.7002

4.7082
4.6972

0.0018
0.003

4.6325
4.6239

4.6719
4.7762

4.6653
4.7627

0.0066
0.0135

4.5951
4.6231

4.6799
4.7515

4.6761
4.745

0.0038
0.0065

4.6164
4.6188

4.7111
4.7005

4.7051
4.6946

0.006
0.0059

4.6248
4.6337

4.6651
4.6856

4.6507
4.6593

0.0144
0.0263

4.6411
4.6431

4.6768
4.6614

4.662
4.6522

0.0148
0.0092

4.6355
4.6613

4.64
4.6716

4.6368
4.6668

0.0032
0.0048

Hydrogen Peroxide Method
Note: The following procedure from Preparing Soils for Mineralogical Analysis
(Soukup et al., 2008) has been adapted for this project with several changes on
fraction, amount, and wait time.
Part 1: Removal of Soluble Salts and Gypsum
1. Between 0.01 - .10 grams of soil sample were placed into a Falcon tube.
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2. 5ml of 18.2MΩ ultra-pure water was added into a 15ml polypropylene Falcon
tube and mixed. The tube was vortexed for 1 minute to promote dispersion of the
samples. The tubes were placed in a centrifuge at 1500 rpm for 5 minutes. The
supernatant was removed and checked for the presence of gypsum and salts with
1ml acetone, which acts as a precipitation reagent and causes flocculation of
gypsum.
3. Repeated treatments with water were made so salts and gypsum were dissolved.
Several drops of saturated sodium chloride were added to induce flocculation.
Part 2: Removal of Carbonates
1. 0.5ml of pH 5 sodium acetate solution was added to all tubes. The tubes were
mixed using a vortex and place in a water bath until effervescence of the sample
ceased to occur. When the bubbling was stopped, this was a confirmation that
destruction of carbonates was completed. Each sample varied on time when
effervescence has stopped. The longest time that was observed for one of the
samples was 10 minutes. After the bubbling stopped, the tubes were placed into a
centrifuge at 1500 rpm for 5 minutes. The clear supernatant fluid was decanted and
discarded. This step was repeated twice.
Note: Samples were kept in a water bath to prevent evaporation.
2. 0.15ml of 18.2MΩ ultrapure water was added to the tubes, mixed using a vortex,
and adjusted to a pH of 10 with 1M NaOH. The pH was checked with pH indicator
strip. The tubes were placed into the centrifuge at 1500 rpm for 5 minutes. The
supernatant was decanted and discarded.
Part 3: Removal of Organic Matter
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1. 0.2ml of 18Ω ultrapure water was added to each of the tubes and placed into
water bath at 80°C.
2. 100ul of 30% hydrogen peroxide was added to each tube. Frothing of the samples
was observed. Several drops of acetone were added and stirred into the samples to
stop the frothing.
3. When the frothing had subsided, additional hydrogen peroxide was added to the
tubes in 100μl increments. The solution was stirred constantly, and several drops of
acetone were added to control frothing. This step was repeated until a total of 300ul
of hydrogen peroxide had been added.
4. The tubes were left in water bath until frothing reaction subsided to moderate
bubbling. This bubbling lasted up to 35 minutes.
5. When the bubbling had subsided, the tubes were placed into a centrifuge at 1500
rpm for 5 minutes. The supernatant fluid was decanted and discarded.
6. 0.5ml of 1M sodium chloride solution was added to all tubes. All tubes were
placed into a centrifuge at 1500 rpm for 5 minutes. The supernatant fluid was
decanted and discarded. This step was repeated twice.
7. All samples were placed in a Biotage TurboVap and dried with nitrogen gas for an
hour. Further drying of samples was completed using a dry block heater.
8. Samples were set up for analysis using FTIR-ATR and SEM-EDX.
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Sample
Collection

Sample Drying

Sieving

First Fraction
>90 < 180μm

Hydrogen Peroxide
Extraction

Second Fraction
< 90μm

Plasma Ashing for
Organic Matter Removal

No Organic Matter
Removal

FTIR - ATR

SEM

Figure 14: Flow Chart of Full Analysis
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C. Stub Preparation and SEM-EDS analysis
Sample preparation for SEM-EDS analysis includes aluminum stubs (item #
16111-9) and high purity conductive carbon tabs (item # 16084-4) purchased from
Ted Pella. Each sample was laid out onto Fisherbrand glassine weighing paper and
spread to a very thin section. The carbon tab was put onto the SEM stub and dabbed
on the sample (Figure 15). Each stub was analyzed in the SEM and images were
obtained for 10 fields of each sample. X-ray analysis was obtained for each field
using EDAX TEAM software.
The following parameters were used on the SEM:
kV 20
Magnification
Spot Size
WD & Z
Z

287x
410nm
19.883
6.083

Figure 15: SEM Stub Preparation

35

D. FTIR-ATR Instrument
A Nicolet iS10 FTIR with an ATR attachment containing a diamond crystal
smart accessory model (Thermo Fisher) was used for analysis of all soil samples.
The following parameters were used on FTIR-ATR:
Sample Scans
Resolution
Sample gain
Optical Velocity

254
2.000
8.0
0.4747

Aperture 10.00
ATR Correction Yes
was applied
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Chapter 4: Results and Discussion
FTIR SPECTROSCOPY RESULTS
FTIR spectra for hydrogen peroxide treated and plasma ashed samples
demonstrated that both methods removed most of the water from the samples and
the organic matter decreased dramatically compared to the untreated samples.
Both methods resulted in sharper peaks once the organic matter and water were
reduced. The broad peak between 3600-3200cm-1 that represents water vapor and
peaks between 2000-1500cm-1 that are indicative of organic matter decreased
significantly in samples that were subjected to both pretreatment methods. The
peak at 1000cm-1 that represents silicates or quartz was present in all samples
except for the spectrum for artificial soil (Sample 26) (Figure 16). The doublet at
797 and 779cm-1 that represents quartz is present. Any polysaccharides such as
chitin or cellulose were removed using both pretreatment methods, which can be
seen on the FTIR spectrum at 1000cm-1 for the untreated sample. Once the
hydrogen peroxide or plasma ashing method was applied, peak broadening was
reduced, indicating that the polysaccharides were removed from the sample as a
result of the pretreatments. In the FTIR spectrum for artificial soil sample (sample
26), shows CH2 stretches at 2920 and 2850 cm-1, which is labelled as wax. In
Robertson et al. (2015), these peaks represent long-chain molecules that are present
in the sample or if the sample is more polysaccharide based (pg. 24). These two
peaks were present only in soil samples that were artificial.
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Figure 16: FTIR Spectrum of Sample 7 (90-180μm) Plasma Ashed, H2O2 treated, and
untreated
Library searches were conducted on the resultant spectra. It is worth noting
that the library search was not used to positively identify or perform qualitative
assessment of the sample. It was only used as a potential indicator of what is in the
sample. The libraries that were used to perform the search included the following:
(1) HR inorganics, (2) HR Aldrich, Organometallic, Inorganic, Silanes, and Boranes,
(3) Aldrich, Organometallic, Inorganic, Boron, Deuterium Compounds, (4) FDA
minerals, and (5) FDA inorganics. Performing a library search on the samples
treated with the two methods yielded results showing that the majority of the
samples have clay and are consistent with feldspars and other possible minerals
such as oligocase, plagioclase, yofortierite, steatite, hornblende, and many others.
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This is not surprising especially finding clays and feldspars. Feldspar is a rockforming aluminum tectosilicate mineral that contains sodium, phosphate, and
calcium. The common members of the feldspar family are plagioclase (calciumsodium feldspar) and alkali (potassium-sodium feldspar/oligoclase). These minerals
are found in 60% of the Earth’s crust, so it is not surprising that they are found in
soil (See Figure 17). Carbonates such as calcite and gypsum (calcium sulfate
dihydrate), which are commonly found in soil, were removed prior to the addition of
hydrogen peroxide (See Figure 19). These minerals were not present in the FTIR
spectrum when performing the library search. When performing a library search for
the plasma ashing treatment samples, calcite was listed as a potential result in the
list of some of the samples. Gypsum was not listed on either treatment method
result.

Figure 17: List of Common Minerals Found in Soil
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Figure 18: Comparison of FTIR Spectrum of Sample 2 (Less than 90μm) Plasma
Ashed with Library Search

Figure 19: Comparison of FTIR Spectrum of Sample 6 (Less than 90μm) Hydrogen
Peroxide Treated with Library Search
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As for the artificial potting soil (sample 26), the FTIR-ATR spectrum shows
that the sample was completely destroyed using the plasma ashing method. This is
not surprising since artificial/potting soil contains a combination of peat moss, pine
bark, and vermiculite or perlite. These ingredients do not fare well under the plasma
ashing method as these ingredients will get altered using this pretreatment method.
However, FTIR-ATR spectra were obtained on artificial soil sample 26 after being
subjected to the hydrogen peroxide treatment. The hydrogen peroxide method
made the peaks a bit sharper, but other than that there was little to no change
detected between untreated and hydrogen peroxide treated samples. This
demonstrates hydrogen peroxide is a preferred technique when artificial samples
are being analyzed, as this sample was not destroyed, unlike what was observed
when using the plasma ashing technique. (Figure 20).
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Figure 20: FTIR Spectrum of Sample 26 (Less than 90μm) Plasma Ashed, H2O2
treated, and untreated
SEM & EDS RESULTS
Each stub was analyzed using SEM-EDS and images were obtained for 10
fields of each sample. Both treatments improved the resolution of the images of the
samples compared to the untreated samples. There was no need to carbon coat any
of the samples. All the BSE images were sharp and very detailed, exhibited by sharp
outlines of the minerals being obtained during the imaging process. The only
exception to this was the potted soil sample that was treated with the plasma asher.
Since the sample was altered by the ashing process, the image had few sharp
outlines (Figure 25). The hydrogen peroxide method gave a better image than the
plasma ashing method, but both methods work well when image resolution is
important in soil examination and analysis (Figures 21 and 22).
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Figure 21: Plasma Ashed Sample 15 (Less than 90μm) Fields 1-10
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Figure 22: Hydrogen Peroxide Treated Sample 15 (Less than 90μm) Fields 1-10
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Figure 23: Untreated Sample 15 (Less than 90μm) Fields 1-10
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The EDS spectra for the two treatment methods confirms that organic matter
has been reduced significantly and this is seen by the change in the carbon and
oxygen peaks from the untreated when compared to corresponding treated
samples. There are some EDS spectra in which the carbon peak is a bit higher, but
that is not due to the organic matter, but instead is probably due to the carbon tape
that is used to mount the samples. Also, other elemental peaks were more intense
after treatment compared to untreated samples. This includes the silicon,
phosphorus, and magnesium peaks.
The EDS spectra for the hydrogen peroxide treated samples show that
carbonates such as calcite and gypsum (calcium sulfate dihydrate) were removed,
while these carbonates were still present in those samples that were put into the
plasma asher. Also, the spectra showed that most of the samples except artificial soil
(Samples 26 & 27) contained titanium, iron, and aluminum. These elements are
typically found in soil. However, these three elements are also found in construction
material. It is possible that due to nearby construction sites, nearby paved roadways
or environmental factors could increase the levels of these elements in the sampled
location due to weather related phenomena such as strong winds, hurricanes, or
rainwater flash floods (“contamination”) especially in urban areas and city parks.
Sodium and chloride peaks were pronounced in the hydrogen peroxide treated
samples (Figure 24). This is due to the addition of 1M sodium chloride solution to all
samples during the hydrogen peroxide treatment procedure, which must be used to
prevent the sample from bubbling due to the thermal decomposition of hydrogen
peroxide. This process typically takes several hours (Soukup et al., 2008, p. 19).
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Based on the elements observed on the EDS spectra, the samples can contain
a mixture of minerals, such as:
a)
b)
c)
d)
e)
f)

Quartz
Gypsum (Calcium Sulfate)
Carbonates (Iron (II) carbonate, Sodium carbonate)
Feldspar (Alkali, Plagioclase)
Mica (Biotite, Phlogopite)
Portland cement (Calcium oxide, Silicon dioxide, Aluminum oxide, Ferric
oxide, Sulfur oxide)
g) Pyroxene (Augite, Diospide, Omphacite)
Note: Gypsum and carbonates will not be present in samples treated with hydrogen
peroxide.

Plasma Ashing of Sample 2 (90-180μm) Field 4

Hydrogen Peroxide Treatment of Sample 2 (90-180μm) Field 4

47

Untreated Sample 2 (90-180μm) Field 4
Figure 24: EDS comparison of plasma ashing and hydrogen peroxide treatment
compared to untreated sample for Sample 2 (90-180μm) Field 4.
The SEM image and EDS spectrum of potting soil are consistent with
information obtained using FTIR-ATR, which indicated damage to the sample. The
image of the sample after plasma ashing shows that the sample looks damaged and
burnt. The EDS spectrum shows little to no silica peak. The spectrum is consistent
with vermiculite ((Mg, Fe2+, Fe3+)3[(Al,Si)4O10](OH)2·4H2O)) or perlite/amorphous
volcanic glass (Al2CaFe2K2MgNa2O12Si). This shows that potting soil or artificial soil
should not be put into the plasma asher as it can destroy the sample (Figure 25).
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Figure 25: Plasma Ashed Sample 26 (Less than 90μm)
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Plasma Ashing of Sample 26 (Less than 90μm)

Hydrogen Peroxide Treatment of Sample 26 (Less than 90μm)
Figure 26: EDS Spectrum of Hydrogen Peroxide and Plasma ashing treated of
Sample 26 (Less than 90μm)
STATISTICAL ANALYSIS
An overall comparison of relative mineral concentration was conducted for
only the 90-180μm fraction as it yielded better results than the < than 90μm fraction.
The count rates for common elements found in soil samples were averaged for the
ten fields and a standard deviation was calculated for each soil sample (Tables 1 &
2). A bar graph for each sample comparing normalized data of each treatment for
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common elements found in soil was conducted. It shows that for most samples, the
plasma ashed treatment yielded stronger elemental count with the exception of
sodium due to the addition of sodium chloride solution during the hydrogen
peroxide treatment procedure (See Figure 27 and Appendix D). This reveals that
treating soil sample with the plasma asher will remove most organic matter and
present stronger elemental counts without changing the mineral content.
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Average of counts

Sample
Sample 1: 90-180µm
Sample 2: 90-180µm
Sample 3: 90-180µm
Sample 4: 90-180µm
Sample 5: 90-180µm
Sample 6: 90-180µm
Sample 7: 90-180µm
Sample 8: 90-180µm
Sample 11: 90-180µm
Sample 12: 90-180µm
Sample 13: 90-180µm
Sample 14: 90-180µm
Sample 15: 90-180µm
Sample 16: 90-180µm
Sample 17: 90-180µm
Sample 19: 90-180µm
Sample 20: 90-180µm
Sample 21: 90-180µm
Sample 22: 90-180µm
Sample 23: 90-180µm
Sample 24: 90-180µm
Sample 25: 90-180µm
Sample 26: 90-180µm
Sample 27: 90-180µm
Sample 28: 90-180µm

Average of Average of Average of Average of Average of Average of Average of Average of
counts (Si) counts (Al) counts (Mg) counts (Na) counts (P) counts (S) counts (Ca) counts (Ti)
176.0556
37.2473
7.915
7.742
0.6723
0.231
2.1168
2.5282
138.3582
49.3689
8.2281
5.9569
4.4864
2.9234
10.8062
3.2682
93.5302
40.7526
8.7507
7.3079
3.3739
0
7.4556
2.7314
136.4555
36.7055
8.8846
6.786
0.9797
0
8.0301
2.7426
126.2664
33.9932
9.3817
6.9029
5.3513
2.6867
9.3894
2.3465
173.809
52.2299
8.4328
6.6549
5.1839
1.9147
6.8561
3.0298
177.6739
52.0773
8.1029
6.6143
4.5579
0.3546
4.0209
2.9905
127.7139
36.4253
10.3317
8.1016
5.0484
4.7546
11.1261
2.3404
63.2211
22.8872
8.1728
4.5626
4.6731
3.8968
8.1166
1.5316
108.5937
25.052
10.3758
5.255
4.1773
4.1426
21.0383
1.6369
123.8672
43.9494
8.2761
6.6255
4.2059
1.7453
6.1607
2.6916
126.2833
39.2951
5.6721
4.8209
3.869
0
2.1432
2.8966
132.2341
33.8155
5.214
3.9513
3.3928
0
0.7362
2.4811
97.9972
46.0077
6.3472
3.9838
3.7736
0
2.4265
2.2286
105.4363
48.0115
6.3505
5.7179
4.119
1.5707
5.8193
2.6899
70.8522
23.0906
4.6135
6.5056
2.4954
2.2298
5.3444
1.3252
78.4199
31.5368
4.076
3.6118
2.5182
2.1766
3.9943
1.5525
115.2316
24.3107
4.1337
3.9575
2.4128
0
1.5599
2.0341
150.505778
46.0977
4.237
3.1671
0.2865
0
0
2.5728
85.2679
23.6922
5.8469
4.8029
2.8194
1.081
6.2723
1.4076
112.4743
33.5721
6.9682
5.8438
3.5099
2.6683
8.2178
2.0303
128.5811
52.4344
7.8371
4.5319
3.2505
0
3.6655
2.3887
8.1043
5.0076
2.8713
0.2361
2.6219
4.0456
11.025
0
22.5114
9.521
6.6654
2.7525
2.6372
5.1614
6.7294
0
20.7196
8.5996
2.1971
1.6832
1.2697
1.3302
1.8506
0.266

Average of
counts (Fe)
5.6036
7.7031
6.3058
5.4528
6.7367
7.6555
6.6465
7.2244
4.6217
4.6891
6.3786
5.072
4.1278
5.6482
6.133
3.2129
4.0076
3.6392
4.2165
4.0842
5.4018
6.8244
0.8389
0.9785
0.5795

Table 1: Average of counts

Table 2: Standard Deviation
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Figure 27: Comparison of Normalized Data for Samples 13 & 20
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Figure 28: Comparison of Normalized Data for Plasma Ashed and Hydrogen Treated
Samples
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Chapter 5: Conclusions and Future Studies
Both the 30% hydrogen peroxide and plasma ashing pretreatment methods
work well removing the organic fraction from soil samples that are expected to
undergo analysis in order to qualitatively and quantitatively characterize their
inorganic fractions. Each method does have advantages and disadvantages. While
plasma ashing is preferred where the analyst is considering ease of use and the
reduced time to perform the method, the analyst should consider the nature of the
sample. The use of hydroxide peroxide is more time consuming due to the added
steps of removing soluble salts, including sodium, calcium, and magnesium
chlorides and carbonates. If these alkaline salts are not removed then the hydrogen
peroxide will be ineffective on the reduction and elimination of the organic fraction.
Unfortunately, detection of these salts may be important in a forensic context, so
removing them during the pretreatment phase of analysis may be detrimental to the
overall examination and interpretation of the samples.
The advantages of performing plasma ashing are that it is easy to use, hardly
any wet chemistry is needed to perform analysis, the technique takes 20-25 minutes
to perform, and hardly any waste is generated. The disadvantages of this method are
the cost of equipment (plasma asher alone is $5000 and up); the need for specific
supplies such as an oxygen tank and various regulators to control the flow of gas
and a rough pump for suction; and this technique does not work for all samples such
as artificial soil.
The advantages for hydrogen peroxide treatment is that this treatment can
be used for all samples including artificial soil; gives better resolution on SEM than
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plasma ashing; multiple samples can be treated at the same time; and it is
inexpensive. Disadvantages include heavy wet chemistry preparation; the
technique takes a long time to complete; certain minerals that might have forensic
relevance will need to be removed prior to adding the hydrogen peroxide to the
samples; and hazardous waste is created.
It is important to note that before applying any of these methods, a preexamination of the sample using visual and microscopical methods should be
carried out by an individual having knowledge, training and experience in
minerology, forensic soil analysis, and polarized light microscopy. The reason for
this is that an expert in this field can easily determine if the soil is artificial or real
and can determine the mineral composition of a sample based on optical methods. If
the sample is identified as artificial, then the forensic scientist can conclude that
plasma ashing should not be attempted, as the sample will be destroyed. However, if
the soil is not artificial then plasma ashing could be used as a pretreatment method.
Future studies should include a wider range of methods to remove organic
matter from soil samples as other methods can provide a cheaper solution or better
results. It is very hard to analyze samples that consist of small particle sizes, so
analyzing larger fractions above 180m may be easier and still give results that
allow for identification, comparison and source attribution. This study did not look
to see if there are any relevance to organic matter and if somehow can be used in
the forensic science field More studies and experiments will need to be conducted
on the relevance of organic matter in soil. Extraction of DNA from plant material in
soil and whether it can be connected to specific location in the country can also be a
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future study. For this particular study, the library search was used as a preliminary
guide to assess composition pre and post treatment. Future studies should include a
more robust mineral composition along with comparison to known standards. In
addition, it will be worthwhile to perform quantitative analysis by comparing
mineral counts and relative ratios.

57

Chapter 6: References
Achilli, M., Barban, R., Zucchi, B., and Martinotti, W. (1991). Elemental analysis of soil
samples by low temperature plasma ashing and microwave acid digestion.
[Abstract]. Water, Air, and Soil Pollution, 57-58(1), 495-503
Adegoroye, A., Uhlik, P., Omotoso, O., Xu, Z., & Masliyah, J. (2009). A Comprehensive
Analysis of Organic Matter Removal from Clay-Sized Minerals Extracted from
Oil Sands Using Low Temperature Ashing and Hydrogen Peroxide, Energy &
Fuels 23, 3716–3720.
Agnelli, A., Celi, L., Corti, G., & Condello, L. (2008). Organic matter stabilization in soil
aggregates and rock fragments as revealed by low-temperature ashing (LTA)
oxidation, Soil Biology & Biochemistry 40, 1379–1389.
http://doi.org/10.1016/j.soilbio.2007.12.008
Anderson, J. U. (n.d.). An Improved Pretreatment for Mineralogical Analysis of
Samples Containing Organic Matter, Agricultural Experiment Station 172, 380388.
Artz, R. R. E., Chapman, S. J., Robertson, A. H. J., & Potts, J. M., Laggoun-Defarge, F.,
Gogo, S., Comont, L., Disnar, J., Frances, A. (2008). FTIR spectroscopy can be
used as a screening tool for organic matter quality in regenerating cutover
peatlands, Soil Biology & Biochemistry 40, 515–527.
http://doi.org/10.1016/j.soilbio.2007.09.019

58

Baglieri, A., Ioppolo, A., Negre, M., Gennari, M. (2007). A method for isolating soil
organic matter after the extraction of humic and fulvic acids, Organic
Geochemistry 38, 140–150. http://doi.org/10.1016/j.orggeochem.2006.07.007
Blott, S. J., & Pye, K. (2012). Particle size scales and classification of sediment types
based on particle size distributions: Review and recommended procedures,
Sedimentology 59, 2071–2096. http://doi.org/10.1111/j.13653091.2012.01335.x
Cengiz, S., Karaca, A.C., Cakir, I. Uner, H.B., Sevindik, A. (2004). SEM-EDS analysis and
discrimination of forensic soil. Forensic Science International 141, 33-37.
Cox, R. J., Peterson, H.L., Young, J., Cusik, C., Espinoza, E.O. (2000). The forensic
analysis of soil organic by FTIR, Forensic Science International 108, 107–116.
D’Acqui, L. P. D., Churchman, G.J., Janik, L.J., Ristori, G.G., Weissmann, D.A. (1999).
Effect of organic matter removal by low-temperature ashing on dispersion of
undisturbed aggregates from a tropical crusting soil, Geoderma 93, 311–324.
D'Acqui L.P., Santi C. A., Sparvoli E., Churchman, J. G. & Ristori G. G. (1998).
Controlled removal of organic matter from undisturbed aggregates by LowTemperature Ashing for studies on soil structure stability. Proceedings of the
XVI World Congress of Soil Science. International Soil Society. Symposium n° 4,
2099, pp. 1-8.

59

Dawson, L. A., & Hillier, S. (2010). Measurement of soil characteristics for forensic
applications, Surface and Interface Analysis 42, 363–377.
http://doi.org/10.1002/sia.3315
Duggar, A. S. & Kubic, T. A. (2020). Evaluation of plasma cleaning as an approach for
the preparation of soil minerals for forensic comparison by photon and
electron microscopy, Journal of Forensic Sciences 66, 1452-1463.
Ellerbrock, R. H., & Kaiser, M. (2005). Stability and composition of different soluble
soil organic matter fractions–evidence from d 13 C and FTIR signatures,
Geoderma 128, 28–37. http://doi.org/10.1016/j.geoderma.2004.12.025
Fenton, M., Albers, C., Ketterings, Q. (2008). Soil organic matter, Agronomy Fact
Sheet Series 41, 1-2.
Fitzpatrick, R.W. (2009). Soil: forensic analysis. In A. Jamieson & A.A. Moenssens
(Eds.) Wiley Encyclopedia of Forensic Science, John Wiley, pp. 2377-2388.
http://mrw.interscience.wiley.com/emrw/9780470061589/home/
Gee, G.W, Or, D. (2002) Particle-Size Analysis. In J.H. Dane & G.C. Topp (Eds)Methods
of soil analysis, Part 4 Physical methods 5.4, SSSA Book Series. pp. 255-293.
Haberhauer, G., & Gerzabek, M. H. (1999). Drift and transmission FT-IR spectroscopy
of forest soils: an approach to determine decomposition processes of forest
litter, Vibrational Spectroscopy 19, 413–417.

60

Haberhauer, G., Rafferty, B., & Strebl, F., Gerzabek, M.H. (1998). Comparison of the
composition of forest soil litter derived from three different sites at various
decompositional stages using FTIR spectroscopy, Geoderma 83, 331-342
Heath, J., Taylor, N. (2015). Energy Dispersive Spectroscopy. John Wiley & Sons Ltd.
Jackson, M. L., & Whittig, L. D., Pennington, R.P. (1949). Segregation Procedure for
the Mineralogical Analysis of Soils, Proceedings. Soil Society of America 1949
1950, 14, 77-81.
JEOL. (nd) SEM Scanning Electron Microscope A to Z. Retrieved May 11, 2022, from
https://www.jeol.co.jp/en/applications/pdf/sm/sem_atoz_all.pdf
Kunze, G.W., Dixon, J.B. (1986) Pretreatment for Mineralogical Analysis. In A. Klute
(Ed). Methods of Soil Analysis, Part 1. Physical and Mineralogical Methods 5.1
(2nd Ed.) SSSA Book Series.
Lee, B. D., Williamson, T. N., Graham, R. C (2002). Identification of Stolen Rare Palm
Trees by Soil Morphological and Mineralogical Properties; Journal of Forensic
Sciences, 47, 190-194.
Lehmann, J., & Kinyangi, J. (2007). Organic matter stabilization in soil
microaggregates: implications from spatial heterogeneity of organic carbon
contents and carbon forms, Biogeochemistry 85, 45–57.
http://doi.org/10.1007/s10533-007-9105-3

61

Linker, R., Shmulevich, I., Kenny, A., & Shaviv, A. (2005). Soil identification and
chemometrics for direct determination of nitrate in soils using FTIR-ATR midinfrared spectroscopy, Chemosphere 61, 652–658.
http://doi.org/10.1016/j.chemosphere.2005.03.034
Lombardi, G., (2015). The Contribution of Forensic Geology and Other Trace
Evidence Analysis to the Investigation of the Killing of Italian Prime Minister
Aldo Moro, Journal of Forensic Science, 44, 634–642.
Moni, C., Derrien, D., Hatton, P., Zeller, B., & Kleber, M. (2012). Density fractions
versus size separates: does physical fractionation isolate functional soil
compartments?, Biogeosciences, 9, 5181–5197. http://doi.org/10.5194/bg-95181-2012
Petraco, N., Kubic, T. (2000). A density gradient technique for use in forensic soil
analysis. Journal of Forensic Science, 45, 872-873.
Petraco, N, Kubic, T.A., & Petraco, N.D.K. (2008). Case studies in forensic soil
examination. Forensic Science International, 178, e23-e27.
Pucci, A., Paolo, D’Acqui, L.P., & Calamai, L. (2008). Fate of prions in soil: interactions
of RecePrP with organic matter of soil aggregates as revealed by LTA-PAS,
Environmental Science & Technology 42, 728-733.
PVA TePla (2013). Plasma ashing coal for quantitative mineral analysis. 251-252.
Retrieved July 16, 2022, from

62

https://www.yumpu.com/en/document/read/24803893/plasma-ashing-coalfor-quantitative-mineral-mb-electronique
Pye, K. (2007). Geological and soil evidence: forensic applications. Florida: CRC
Press.
Pye, K., Blott, S., Croft, D., Carter, J. (2006). Forensic comparison of soil samples:
assessment of small-scale spatial variability in elemental composition, carbon
and nitrogen isotope ratios, colour, and particle size distribution. Forensic
Science International 163, 59-80.
Pye, K., & Croft, D. (2007). Forensic analysis of soil and sediment traces by scanning
electron microscopy and energy-dispersive x-ray analysis: an experimental
investigation. Forensic Science International 165, 52–63.
http://doi.org/10.1016/j.forsciint.2006.03.001
Robertson, A.H.J., Main, A., Robinson L.J., Dawson, L.A. (2015). In situ FT-IR analysis
of soils for forensic applications. FT-IR Technology for Today’s Spectroscopists
30, 22-30.
Roux, C., Bucht, R., Crispino, F., De Forest, R., Lennard, C., Margot, P., Miranda, M.,
NicDaeid, N., Ribaux, O., Ross, A., Willis, S. (2022). The Sydney declaration –
Revisiting the essence of forensic science through its fundamental principles.
Forensic Science International 332, 1-10.
https://doi.org/10.1016/j.forsciint.2022.111182

63

Schnitzer, M., & Schuppli, P. (1989). The extraction of organic matter from selected
soils and particle size fractions with 0.5M NaOH and 0.1M Na 4P2O7 solutions,
Canadian Journal of Soil Science 69, 253-262.
Skoog, D.A., Holler, F.J., Nieman, T.A. (1998). Principles of Instrumental Analysis, Fifth
Edition. Philadelphia, PA: Harcourt Brace College Publishers.
Skopp, J. (2000). Particle size separation/sieving/screening. Elsevier Academic Press,
1826-1830.
Soukup, D. A., Buck, B. J., & Harris, W. (2008). Preparing soils for mineralogical
analyses. In A.L. Ulery & L.R. Dress (Eds), Methods of Soil Analysis, Part 5.
Mineralogical Methods, SSSA Book Series, 13–31.
TESCAN (2011). Scanning Electron Microscope VEGA3 Instructions for use. Czech
Republic: TESCAN. Retrieved July 16, 2022, from
https://www.csuchico.edu/sem/_assets/documents/vega-manual-2014.pdf

64

APPENDICES
Images and figures with supplemental data were too large to include and are
available upon request.
APPENDIX A: IMAGES OF SOIL SAMPLES
1. MACROSCOPIC
2. MICROSCOPIC
APPENDIX B: RESULTS (FTIR SPECTRA)
1. ASHING, HYDROGEN PEROXIDE, UNTREATED (BEFORE &
AFTER)
2. LIBRARY SEARCHES
APPENDIX C: RESULTS (SEM IMAGES & EDS SPECTRA)
1. SEM IMAGES
a. ASHING
b. HYDROGEN PEROXIDE
c. UNTREATED
2. SEM EDS REPORTS
a. ASHING
b. HYDROGEN PEROXIDE
c. UNTREATED
APPENDIX D: NORMALIZED DATA

A1-1
A2-1
B1-1
B2-1
C1-1
C1-51
C1-101
C2-1
C2-2
C2-3
D1-1

65

